Vocal fold paralysis (VFP) due to damage to the recurrent laryngeal nerves can be caused by malignant tumors. Therefore, thorough investigation, including diagnostic imaging, followed by follow-up examinations is acquired when assessing patients with VFP. Patients with VFP, with no immediate etiology found, are referred to Rigshospitalet, Denmark, where the investigation follows guidelines made by the Danish Society of Otorhinolaryngology, Head and Neck Surgery (DSOHH). The aim of this study is to examine whether or not the investigation of VFP at Rigshospitalet, Denmark, is in accordance with guidelines appointed by DSOHH. This study included 50 patients referred to Rigshospitalet, Denmark, in a one-year period between 2015 and 2016. Baseline data were collected from patient records and included sex, age, smoking history, side of paralysis, diagnosis and data regarding the initial investigation and any possible follow-up period. Of the 50 patients referred to Rigshospitalet, 15 (30.0%) were diagnosed with a malignant disease. Diagnostic imaging was not performed nor recommended to 3 (8.1%) patients. Fifteen (42.9%) patients did not receive a follow-up examination of whom a significant part had a malignant diagnosis. All patients with idiopathic VFP were offered a follow-up examination, but repeated diagnostic imaging was not performed in the cases without remission. Future assessments of patients with VFP should include diagnostic imaging of all patients and follow-up as recommended by DSOHH guidelines, focusing especially on patients with a malignant diagnosis and patients with sustained idiopathic VFP.
Introduction
Immobility of one or both vocal folds is often caused by injury to the vagus or recurrent laryngeal nerves or mechanical fixation of the vocal folds themselves. Vocal fold paralysis (VFP) can be caused by lesions to the recurrent laryngeal nerves through their entire course from the cerebral cortex to the neuromuscular junction of the intrinsic laryngeal muscles [1] . Hence, VFP can be caused by several underlying diseases of which malignant tumors are relatively frequent [1] [2] [3] [4] [5] [6] . Among the most common malignancies diagnosed are pulmonal cancer, esophageal cancer, thyroid cancer and metastatic cancer [1, 7] .
Thorough investigation is essential when assessing a patient with VFP due to the risk of underlying malignant disease, especially when no immediate etiology is apparent. The use of diagnostic imaging, such as CT or MR, is important when investigating patients with VFP and should often if not always be considered when handling a VFP with unknown etiology [8] [9] [10] [11] . Furthermore, it is recommended that patients with idiopathic VFP receive follow-up examinations and repeated diagnostic imaging if paralysis persists, due to the possibility of a late appearing causative lesion [12] .
A unilateral VFP often presents with hoarseness and a weak fatigable voice, whereas respiratory difficulties often dominate bilateral VFP. In Denmark a private practice physician is often the first specialist in otorhinolaryngology to assess a patient with the above-mentioned symptoms. If VFP is visualized by flexible laryngoscopy and/or stroboscopy and if no immediate etiology is found, the patient is referred to Rigshospitalet, Denmark, with the aim to rule out any possible malignant causes. In Denmark the investigation of VFP (Fig. 1) . The aim of this study is to examine whether or not the investigation and follow-up of VFP at Rigshospitalet, Denmark, is in accordance with guidelines appointed by DSOHH. Guidelines should be followed in order to ensure that every patient receives proper treatment and that no malignancies are missed.
Materials and Methods
A total of 50 patients were referred to Rigshospitalet, Denmark, during the period November 3, 2015 to October 28, 2016. Baseline data such as sex, age, smoking history, side of paralysis, diagnosis and data regarding the initial investigation and any possible follow-up period were collected from patient records, which were identified based on the ICD-code for VFP. Flexible laryngoscopy was used to verify the presence and side of VFP. Data regarding the initial investigation was collected to ensure whether or not the DSOHH guidelines were followed [13] . Data includes whether flexible laryngoscopy and ultrasound of the neck were performed during the first examination. If the first examination showed no signs of VFP or other pathology patients were excluded from the data regarding possible use of diagnostic imaging ( Fig. 2 ). Diagnostic imaging included chest X-ray, CT or PET-CT of neck and chest and MR of brainstem and neck ( Fig. 1 ).
Data collected from follow-up examinations included whether or not a verified VFP was still present. Furthermore, follow-up data confirmed if the patient had repeated imaging such as CT or MR performed due to lack of spontaneous remission of an idiopathic VFP. Patients without VFP or other pathology and patients who refused further investigation after the initial examination were excluded from follow-up examination data (Fig. 2 ). Statistical significance was calculated using a chi-squared test.
Results
This study included 50 patients of whom 25 (50.0%) were men and 25 (50.0%) were women, with a median age of 67.66 years (range 23-86 years). Thirty-nine (78.0%) had a current or previous history of smoking. In 15 (30.0%) of the patients no VFP could be found at the initial examination, 33 (66.0%) patients had unilateral VFP and none had bilateral VFP. Of the 33 patients with unilateral VFP, 23 (69.7%) were left sided and 10 (30.3%) were right sided. In 2 (4.0%) of the patients no certain diagnosis of VFP could be made by flexible laryngoscopy. The first case was due to uncertainty of whether an esophageal cancer was causing bilateral VFP or mechanical fixation of the vocal folds. In the second case the left vocal fold could not be visualized by flexible laryngoscopy due to a process on the epiglottis. This patient did not wish for further investigation or treatment and therefore no final diagnosis was made.
After the initial investigation 15 (30.0%) were diagnosed with malignancy of which 7 (14.0%) patients were diagnosed with lung cancer, 4 (8.0%) with esophageal cancer, 1 (2.0%) with lymph node metastasis with unknown primary tumor, 1 (2.0%) with diffuse large B cell lymphoma, 1 (2.0%) with metastatic breast cancer and 1 (2.0%) with laryngeal cancer. Of the 33 patients with verified VFP 13 (39.4%) was diagnosed with a malignant disease. These 13 patients did not Patients with non-malignant diagnoses included 10 (20.0%) with idiopathic VFP, 3 (6%) with nodular goiter and 3 (6.0%) with an iatrogenic VFP. Other diagnoses were made in 6 (12.0%) patients. Of these, sarcoidosis in the jugular foramen, thoracic aorta aneurism and an atrial septal defect with a dilated pulmonary artery could explain the patients' VFP. In 1 patient a vocal fold polyp/cyst was found instead of VFP. Further investigation after the initial examination was refused by 2 patients and therefore no final diagnoses were made. In 13 (26.0%) patients no VFP or signs of other pathology was found. Among patients with malignancy 14 (93.3%) had a current or previous history of smoking. The various etiologies are summarized in Table 1 . One (2.0%) of 50 patients did not have flexible laryngoscopy performed as part of the first examination while 7 patients (14.0%) did not have ultrasound of the neck performed. After the first examination 13 patients were excluded due to no signs of VFP or other pathology (Fig. 2) . Chest X-ray was recommended to 8 (21.6%) patients of whom 7 (18.9%) agreed to the procedure, CT was recommended to 30 (81.1%) patients of whom 29 (78.4%) agreed to the procedure and PET-CT was recommended to 8 (21.6%) patients of whom 7 (18.9%) agreed to the procedure. Neither CT, PET-CT nor other diagnostic imaging were performed nor recommended to 3 (8.1%) patients. MR was performed on 1 (2.7%) patient after an initial CT and PET-CT. Table 2 summarizes the number of diagnostic modalities performed/recommended.
Of the 35 patients diagnosed with VFP or other pathology 15 (42.9%) patients did not receive any follow-up examination and therefore no assessment of their VFP or voice quality after the initial investigation. One patient was referred to a follow-up examination, but the examination was never performed according to patient records. A significant (p = 0.0016) part of the patients who did not receive a follow-up examination had a malignant diagnosis (73.3%).
All 10 patients with an idiopathic VFP were referred to follow-up examinations, though one patient did not complete it. Lack of spontaneous remission was found in 5 patients, but 
Discussion
This study included 50 patients who were referred to Rigshospitalet, Denmark, due to possible VFP with no immediate etiology. Guidelines state that every first examination of a patient should include flexible laryngoscopy and ultrasound of the neck. Further investigation should include diagnostic imaging such as chest X-ray, CT or PET-CT of neck and chest and/or MR of brainstem and neck. During first examinations 1 patient did not receive flexible laryngoscopy and 7 patients did not receive ultrasound of the neck. Additionally, 3 patients did not receive any diagnostic imaging. Furthermore, 15 patients did not receive any follow-up examination and none of the patients with sustained idiopathic VFP received repeated diagnostic imaging. Hence, none of these situations complied with guidelines. According to the literature [8] [9] [10] [11] and DSOHH guidelines [13] diagnostic imaging, especially CT or PET-CT, is an important part of the investigation of VFP due to the possibility of underlying malignancy. The majority of patients in this study received either CT or PET-CT, but in 3 cases no diagnostic imaging was performed. Of the 3 patients not to receive CT, PET-CT nor any other diagnostic imaging during their initial investigation, one was already diagnosed with a vocal fold polyp/cyst by flexible laryngoscopy and one was believed to have an iatrogenic cause to the VFP. The last patient was initially thought to have borreliosis but was later diagnosed with pulmonal cancer. This emphasizes the importance of diagnostic imaging in the assessment of VFP, even if there is no clinical suspicion of an underlying malignant disease. This is supported by the findings made by Liu et al. [14] where patients with VFP were divided into high-suspicion and lowsuspicion groups to study the economic consequences of evaluating VFP with MR or CT. In the low-suspicion group diagnostic imaging unexpectedly revealed 2 of 29 (6.9%) cases, in which underlying malignancy could explain the patients' VFP. In addition, when compared with CT, chest X-ray is inferior when evaluating the etiology of unilateral VFP [9] . CT or PET-CT should therefore be performed on every patient with verified VFP to avoid missing possible malignancies.
Follow-up of patients after the initial investigation serves the purpose of assessing the VFP and whether voice improving treatment is indicated such as voice therapy or surgical intervention. Patients with idiopathic VFP with lack of spontaneous remission are recommended repeated imaging after 6 months [13] with the purpose of revealing a possible late appearing causative lesion. In this study 15 (42.9%) patients did not receive any follow-up examinations, a significant part being patients with a malignant diagnosis (73.3%). Patients diagnosed with a malignant diagnosis are often referred to other departments in order to receive treatment focusing on their cancer. It should be noticed though, that even though patients with a malignant diagnosis are referred to other departments, their VFP and voice quality should still be monitored by laryngological specialists. It should also be considered that patients undergoing cancer treatment may not have the energy or motivation to prioritize their VFP. Therefore, the otorhinolaryngologist should have the responsibility of scheduling a follow-up appointment.
Five patients with idiopathic VFP showed no spontaneous remission during their follow-up period and none of the patients had repeated imaging performed. Multiple studies disagree whether patients with idiopathic VFP need repeated imaging after the initial investigation. Tsikoudas et al. [15] concludes in their systematic review that after the initial investigation which includes the use of CT, further follow-up should only focus on issues with voice quality. In contrast, Noel et al. [12] recommend on the basis of their findings that repeated imaging should be performed within 2 years, but is likely unnecessary beyond 5 years. Their study included 207 patients with idiopathic VFP where repeated imaging after the initial investigation revealed an occult etiology in 8 cases. These two contradicting studies illustrates that there are still controversies about the importance of repeated imaging, when the initial investigation could not establish any causative etiology. Further studies are needed to clarify guidelines in this regard.
In addition to revealing possible late appearing causative lesions, follow-up examinations should also be used to assess voice quality and whether treatment is indicated. Management of unilateral VFP is achieved through voice therapy conducted by a speech-language pathologist or through surgical intervention [16] . Several studies report positive effects from voice therapy including improvements across several voice outcome measures, but further research is required to develop strong evidence for voice therapy management of unilateral VFP [17] . Surgical intervention includes four procedures: medialization thyroplasty, injection laryngoplasty, arytenoid adduction and laryngeal reinnervation. There is no definitive evidence that one approach is superior to the others, but medialization thyroplasty may have better long-term results than injection laryngoplasty. Furthermore, laryngeal reinnervation may show better long-term results when combined with other laryngeal framework techniques and should be reserved for younger patients [18] .
One of the strengths in this study lies in the fact that only patients with VFP, where no immediate etiology could be identified, are referred to Rigshospitalet, Denmark. Thus, you are able to elucidate the number of malignant causes in this specific group of patients. In this study 39.4% of the patients with verified VFP were diagnosed with a malignant disease. Therefore, when apparent causes such as surgical traumas or similar are ruled out, malignancy should not be neglected as a valid etiology. To our knowledge there are no other studies who elucidate the etiology of VFP in a patient group similar to ours, where no immediate etiology could be found during the first examination, conducted by a private practice physician. Furthermore, no other Danish studies have examined whether or not DSOHH guidelines are followed in regard to the investigation and follow-up of VFP. Finally, it should be noticed that the small population size in this study reduces statistical power, especially when only 33 patients had a verified VFP.
Conclusions
For the majority of patients in this study guidelines appointed by DSOHH regarding the initial investigation were followed. In the cases where no diagnostic imaging was performed one patient turned out to have pulmonal cancer, emphasizing the importance of diagnostic imaging when investigating VFP. Of the patients not to receive follow-up examinations a significant part (p = 0.0016) was diagnosed with a malignant disease. All patients with idiopathic VFP were either offered or completed a follow-up examination, but repeated imaging in the cases without remission was omitted. Hence guidelines were not followed as they recommend repeated imaging after 6 months, but further studies are needed to determine the possible consequences of repeated imaging not being performed. In conclusion, future assessments of VFP should include diagnostic imaging, with CT/PET-CT being the primary modality, and follow-up as recommended in DSOHH guidelines.
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